Rationale Each year, over 300,000 individuals in the USA enter treatment for cannabis use disorder (CUD). The development of effective pharmacotherapy for CUD is a priority. Objective This placebo-controlled study examined the effects of zolpidem alone and in combination with nabilone on cannabis withdrawal and a laboratory measure of relapse. Methods Eleven daily, non-treatment-seeking cannabis users completed three, 8-day inpatient phases; each phase tested a different medication condition in counter-balanced order. On the first day of each phase, participants were administered placebo capsules t.i.d. and smoked experimenteradministered active cannabis (5.6 % Δ 9 -tetrahydrocannabinol (THC)). On days 2-8, the participants were administered capsules containing either placebo (0 mg at 0900, 1800, and 2300 hours), zolpidem (0 mg at 0900 and 1800, and 12.5 mg at 2300), or zolpidem (12.5 mg at 2300) and nabilone (3 mg at 0900 and 1800). Cannabis withdrawal, subjective capsule effects, and cognitive performance were examined on days 3-4, when only inactive cannabis (0.0 % THC) was available for self-administration. BRelapse^was measured on days 5-8, when participants could self-administer active cannabis. Results Both medication conditions decreased withdrawalrelated disruptions in sleep, but only zolpidem in combination with nabilone decreased withdrawal-related disruptions in mood and food intake relative to placebo. Zolpidem in combination with nabilone, but not zolpidem alone, decreased selfadministration of active cannabis. Zolpidem in combination with nabilone also produced small increases in certain abuserelated subjective capsule ratings, while zolpidem alone did not. Neither medication condition altered cognitive performance. Conclusions Clinical testing of nabilone, either alone, or in combination with zolpidem is warranted.
Introduction
Cannabis is the most widely used illicit drug, with almost 150 million annual users globally (World Health Organization n.d.). In 2012-2013, 9.5 % of US adults used cannabis in the past year, and ∼31 % of these individuals met Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria for a cannabis use disorder (CUD) (Hasin et al. 2015) . CUD is associated with other mental illnesses, decreased school performance and lifetime achievement, negative effects on brain development, and respiratory problems (Volkow et al. 2014 ). More than 300,000 individuals enter treatment for CUD in the USA each year (Substance Abuse and Mental Health Services Administration 2014). There are currently no FDA-approved pharmacotherapies for CUD, and even with the most effective behavioral treatments, most patients are unable to achieve sustained abstinence (see Budney et al. 2006; Carroll et al. 2012) .
Withdrawal may be one factor contributing to the persistence of problematic cannabis use. Human laboratory and clinical outpatient studies have demonstrated that individuals who abruptly cease frequent, heavy cannabis use often experience withdrawal symptoms, notably disturbances in mood (e.g., irritability, increased anger), sleep (e.g., increased sleep latency, awakening at night, strange dreams), and gastrointestinal function (e.g., nausea, decreased food intake) (Budney et al. 2003; Haney et al. 1999) . These symptoms usually begin after at least 24 hours of abstinence, peak within the first week, and resolve within 2-3 weeks, with the exception of sleep disturbances, which may persist for a month or longer (Budney et al. 2003 (Budney et al. , 2004 Haney 2005) . Cannabis withdrawal is similar in severity to nicotine withdrawal Vandrey et al. 2008) and is associated with functional impairment and relapse (Allsop et al. 2012; Budney et al. 2008) . These findings suggest that medications that suppress cannabis withdrawal may also improve treatment outcomes among individuals with CUD.
Many classes of medications have been examined as potential treatments for CUD, including cannabinoid agonists (Balter et al. 2014) . Oral administration of synthetic Δ 9 -tetrahydrocannabinol (THC; dronabinol; Marinol®) has been shown to dose-dependently decrease withdrawal symptoms both in laboratory (Budney et al. 2007; Haney et al. 2004; Vandrey et al. 2013 ) and clinical outpatient (Levin et al. 2011) settings. Despite these effects on withdrawal, dronabinol may be a less than promising treatment for CUD: Dronabinol did not reduce cannabis self-administration in abstinent (Haney et al. 2008) or ongoing (Hart et al. 2002) cannabis smokers in the human laboratory, nor did it reduce cannabis use in clinical outpatients (Levin et al. 2011) . Furthermore, dronabinol produces the same metabolites as cannabis, making biochemical verification of cannabis abstinence during dronabinol maintenance difficult.
The synthetic cannabinoid agonist nabilone (Cesamet®) may be a more promising treatment for CUD than dronabinol. Nabilone, an FDA-approved medication primarily used to relieve nausea and vomiting caused by chemotherapy, has been shown to reduce both cannabis withdrawal and selfadministration in abstinent cannabis smokers in the laboratory (Haney et al. 2013a) . Nabilone is well tolerated among cannabis users and has better bioavailability and a longer duration of action than dronabinol, allowing for withdrawal suppression with once-daily dosing (Bedi et al. 2013; Glass et al. 1981; Haney et al. 2013a) . Also, nabilone has lower abuse liability than cannabis and dronabinol (Lemberger et al. 1982; Mendelson and Mello 1984) and produces urinary biomarkers distinct from those of cannabis (Fraser and Meatherall 1989) , which allows for abstinence monitoring using standard urine toxicology during nabilone maintenance. These characteristics make nabilone amenable to application as a pharmacotherapy for CUD.
It is also possible to target specific cannabis withdrawal symptoms using non-cannabinoid compounds. A prior laboratory study demonstrated that zolpidem (Ambien®), a nonbenzodiazepine GABA A receptor agonist used primarily for the treatment of insomnia, reduced cannabis-withdrawalrelated disruptions in sleep (Vandrey et al. 2011) . Several clinical trials examining zolpidem for the treatment of chronic insomnia demonstrate that the medication is well tolerated and remains effective for up to 12 months without evidence of significant tolerance or rebound insomnia upon discontinuation (Krystal et al. 2008; Randall et al. 2012; Roehrs et al. 2012; Scharf et al. 1994) . Furthermore, zolpidem appears to have low abuse liability at doses commonly used to treat insomnia (e.g., Hajak et al. 2003; Rush et al. 1999 ). Thus, zolpidem may also hold promise as a treatment for the prominent sleep disruptions observed during cannabis withdrawal.
Dronabinol and nabilone also reduce cannabis-related disruptions in sleep (Bedi et al. 2010; Haney et al. 2013a ); however, tolerance to somnolent effects can occur with a week of daily dosing (e.g., Bedi et al. 2010; Gorelick et al. 2013) . Given that withdrawal-related sleep disturbances may persist for longer than other symptoms, pharmacotherapies for CUD based on cannabinoid agonists alone may be insufficient. Approaches that employ cannabinoid agonists during daytime and hypnotics like zolpidem before bedtime may be effective, while minimizing total agonist exposure. Controlled human laboratory studies are an important first step in examining the efficacy of such combination treatments.
The primary aims of this study were to determine if nightly zolpidem administered alone, or in combination with twicedaily low dose nabilone, suppresses cannabis withdrawal and a laboratory measure of relapse, defined as self-administration after a 3-day period of abstinence, among non-treatmentseeking daily cannabis users. We used a well-established human laboratory model of cannabis withdrawal and selfadministration (see Haney 2009; Haney et al. 2008 Haney et al. , 2013a to build upon prior findings that zolpidem and nabilone attenuate some symptoms of cannabis withdrawal when administered alone (Haney et al. 2013a; Vandrey et al. 2011) . Here, we provide a placebo-controlled examination of the effects of zolpidem alone and zolpidem plus nabilone on (1) cannabis withdrawal symptoms during abstinence, including measures of mood, sleep, and food intake, and (2) Brelapse^to cannabis self-administration after a short period of abstinence. As secondary aims, we also examine abuse liability-related subjective effects of the medications tested (e.g., rating of Bgood drug effect,^Blike drug effect,^Btake drug again^) and effects on a battery of computerized cognitive tasks that measure learning, memory, vigilance, and psychomotor ability.
Materials and methods

Participants
Healthy cannabis users were recruited from New York, NY, through advertisements in local newspapers. Study eligibility was assessed by an initial telephone screening, followed by an in-person interview and medical examination. Inclusion criteria were as follows: (1) 21-50 years of age; (2) reporting use of at least three cannabis cigarettes (or equivalent in blunts, etc.) per day, at least 5 days per week, for the past 4 weeks; (3) positive urine tests for recent cannabis use; (4) being able to perform all study procedures; and (5) currently practicing an effective form of birth control (women only). Primary exclusion criteria were as follows: (1) meeting DSM-IV-TR criteria for an Axis I disorder requiring medical intervention; (2) dependence on substances other than cannabis and nicotine; (3) medical history, physical examination, or laboratory tests performed during the screening process revealing any significant illness; (4) currently interested in stopping cannabis use or seeking treatment for cannabis use; (5) currently using any prescription medications daily; (6) reporting ever losing consciousness after cannabis use; or (7) having allergies to hypnotic medications. All participants provided informed consent, and all study procedures were approved by the New York State Psychiatric Institute (NYSPI) Institutional Review Board and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.
Laboratory procedures
Participants completed three inpatient phases in a residential laboratory at NYSPI in groups of three or four. The residential laboratory is described in detail elsewhere (see Haney et al. 1999) . Each 8-day inpatient phase consisted of active and/or placebo study medication, experimenter-administered active (5.6 % THC) and inactive (0.0 % THC) cannabis, and opportunities to self-administer active and inactive cannabis at a financial cost (see Table 1 ). Inpatient phases were separated by at least seven outpatient days to allow participants to resume their normal patterns of behavior (e.g., cannabis use) and for medication washout. Participants completed two 3-4 hour training sessions before starting the first inpatient phase to prepare them for study procedures.
Study days were highly structured. Participants were woken at 0815 and completed subjective measures of sleep and mood shortly after waking. Participants spent the majority of their time between 0915 and 1700 hours in their private rooms, where they completed subjective effects and cognitive/behavioral task batteries (described below). They had free time from 1215 to 1245 for lunch and from 1700 to 2200, when they could socialize in the recreation area if they chose to do so. Participants completed final subjective effects and mood scales at 2200 and were given $70 in faux money representing part of their daily study earnings. They were told that they could use this money to purchase inhalations of cannabis cigarettes on self-administration days or exchange it for cash after completing the study. Lights went out at 0000 hours. Tobacco smokers were provided with their usual brand of cigarettes at a cost of $0.50 per cigarette and permitted to smoke ad libitum.
Study medication administration Study medication was packaged by the NYSPI Research Pharmacy in size 00 capsules. Administration was double-blind, and each participant completed all three medication phases in randomized order. Capsules were administered at 0900, 1800, and 2300 during all 8 days of each inpatient phase. All three capsules were placebo during day 1 of each inpatient phase. During the placebo phase, all three capsules on days 2-8 were also placebo. During the zolpidem-alone phase, capsules administered at 0900 and 1800 contained placebo and capsules administered at 2300 contained zolpidem (12.5 mg). During the zolpidem plus nabilone phase, capsules administered at 0900 and 1800 contained nabilone (3 mg) and capsules administered at 2300 contained zolpidem (12.5 mg). We chose to administer 3 mg b.i.d. because a previous study in our laboratory demonstrated that 6 mg administered once daily can produce minor impairments in performance on cognitive tasks (Bedi et al. 2013 ).
Experimenter-administered cannabis
Participants completed two cannabis Bsampling^sessions before the beginning of each inpatient phase to familiarize them with the doses of cannabis available during the inpatient stay. Participants received a single cannabis cigarette, at no cost, during each sampling session. In one session, they smoked an active cannabis cigarette (5.6 % THC; labeled Bdose A^), and in the other, they smoked an inactive cannabis cigarette (0.0 % THC; labeled Bdose B^) in randomized order. Cannabis was administered using a cued-smoking procedure, with inhalation duration, time spent holding smoke in lungs, and inter-puff interval standardized (see Foltin et al. 1987) . Participants were asked to focus on the effects of these doses because they would later make decisions about purchasing individual inhalations of dose A and dose B. During the first day of each inpatient phase, participants smoked three inhalations of an active cannabis cigarette at 1000, 1130, 1300, 1430, 1600, and 2200 hours (18 inhalations total) in order to standardize levels of cannabis exposure prior to abstinence and collect data on subjective drug effects and behavioral/cognitive performance under conditions of active cannabis use.
Laboratory measure of cannabis relapse
During study days 2-8, participants had the option to purchase zero, one, two, or three inhalations from cannabis cigarettes at 1000, 1130, 1300, 1430, 1600, and 2200 hours (max 18 inhalations/day). The first inhalation of the day costs participants $9, with each subsequent inhalation available for $2. The first inhalation of the day had a higher cost in order to model clinical relapse by requiring participants to make a costly financial decision to resume cannabis use (see Haney et al. 2008) . During study days 2-4, the cannabis available for purchase was inactive (0.0 % THC; labeled dose B), allowing us to collect data on cannabis withdrawal. During days 5-8, active cannabis was available for purchase (5.6 % THC; labeled dose A), allowing us to assess relapse, defined as selfadministration of active cannabis after a period of abstinence.
Assessments
Cannabis withdrawal Measures of mood, sleep, and food intake were collected during study days 3-4 (described below).
Mood Participants completed a 44-item computerized mood scale questionnaire eight times each day. They viewed mood, physical symptom, and drug effect descriptors and used a 100-mm visual analog scale (VAS) to rate the extent to which each descriptor applied to how they felt at that moment, ranging from Bnot at all^(0 mm) to Bextremely^(100 mm). Based on a cluster analysis conducted previously (see Haney et al. 2013a) , we used arithmetic means of individual item scores to reduce 32 of the 44 items into six subscales: (1) irritable (Birritable,^Bmiserable^), (2) anxious (e.g., Banxious,B restless^), (3) bad effect (e.g., Bdepressed,^Bupset stomach^), (4) tired (e.g., Btired,^Bsedated^), (5) social (e.g., Bfriendly,B talkative^), and (6) high (Bhigh,^Bgood effect^). We also analyzed four individual VAS items (Bhunger,^BI want marijuana,^BI want alcohol,^BI want cigarettes^).
Sleep Objective data on sleep were obtained using the wristworn Actiwatch® Activity Monitoring System (Respironics Company, Bend OR). From these data, we calculated total sleep time during the light-out period, sleep latency (time from light out until falling asleep), and sleep efficiency (proportion of time asleep from initially falling asleep until awakening in the morning). Participants also completed a seven-item VAS sleep questionnaire each morning (Bslept well,^Bfell asleep easily,^Bwoke often,^etc.; see Haney et al. 2004 ) to collect subjective ratings of sleep quality.
Food intake and body weight Participants were weighed each morning shortly after waking and then received a box of food containing a wide variety of meal items, snacks, and beverages. Frozen meals (∼20 varieties) and additional units of any item were available by request. Participants scanned custom-designed bar codes whenever they ate or drank, specifying substance and portion, to provide detailed data on food intake. Food was not available between 2330 and 0800 hours.
Cannabis relapse The number of inhalations purchased on study days 5-8 (5.6 % THC; labeled dose A) was recorded as a laboratory measure of relapse to active cannabis after a period of abstinence.
Subjective capsule effects Participants completed a Drug Effect Questionnaire (DEQ; Evans et al. 1995) twice each day to assess the subjective effects of study medications. The questionnaire asked them to rate (1) how Bstrong^of a drug effect they were feeling on a five-point scale of 0 (Bno effect at all^) to 4 (Bvery strong effect^); (2) if they were feeling good effects and Bbad effects^and the degree to which they would be willing to take the drug again on a five-point scale ranging from 0 (not at all) to 4 (Bvery much^); (3) whether the drug effects that they were feeling were sedative-like, stimulant-like, or absent; and (4) if they disliked or liked the way the drug made them feel, using a nine-point scale ranging from −4 (Bdislike very much^) to 4 (Blike very much^). BSelf^= participants could purchase inhalations off of cannabis cigarettes at financial cost: $9 for the first inhalation each day and $2 for each subsequent inhalation. BPlacebo^= placebo capsules at 0900, 01800, and 2300 hours, BZolp^= placebo capsules at 0900 and 1800 and zolpidem capsules (12.5 mg) at 2300. BZolp/Nab^= nabilone capsules (3 mg) at 0900 and 1800 and zolpidem capsules (12.5 mg) at 2300. BW/D^= cannabis withdrawal measures (mood, sleep, food intake, and body weight) a We do not report data from day 2 because cannabis withdrawal symptoms generally take >24 h to appear
Cognitive tasks Participants completed a computerized battery of tasks five times each day that measured learning, memory, vigilance, and psychomotor ability (Foltin et al. 1996) . This task battery consisted of a 3-min digit symbol substitution task (DSST), a 3-min repeated acquisition task (RAT), a 10-min divided attention task (DAT), a 10-min rapid information task (RIT), and an immediate and delayed digit recall task (IDDRT).
Data analysis
Repeated measures analyses of variance with planned comparisons were used to (1) compare study outcome measures between those collected during active cannabis administration and during withdrawal under placebo conditions and (2) examine the effect of zolpidem alone and zolpidem in combination with nabilone on study outcome measures relative to placebo during withdrawal and relapse phases. The first primary outcome measure was cannabis withdrawal (changes in mood, sleep food intake, and bodyweight). To assess withdrawal, data collected on day 1 (active cannabis administration) were compared to data collected on days 3-4 during the placebo phase using planned contrasts. Data from day 2 were not analyzed because many symptoms of cannabis withdrawal do not present until 24 hours of abstinence (Budney et al. 2003; Kouri and Pope 2000) . Data collected on days 3-4 were then compared between placebo, zolpidem alone, and zolpidem in combination with nabilone phases in order to examine medication effects on withdrawal relative to placebo.
The second primary outcome measure was the laboratory measure of relapse (number of inhalations of active cannabis purchased). Specifically, the number of inhalations purchased on day 5 and mean number of inhalations purchased on days 6-8 were compared between medication conditions using planned contrasts. Day 5 and days 6-8 were analyzed separately because day 5 represents the first opportunity to selfadminister active cannabis after a period of abstinence, while days 6-8 better represent opportunities to continue active cannabis use after initial return to self-administration has occurred (see Haney et al. 2013a ).
Our two secondary outcome measures were to examine subjective capsule effects and cognitive task performance. To assess these, we compared data on subjective capsule effects and task performance collected on day 1 (active cannabis administration) and days 3-4 under placebo conditions and also compared data collected on days 3-4 under placebo, zolpidem alone, and zolpidem in combination with nabilone conditions. All data analyses were performed using SuperANOVA for Macintosh. Statistical significance for all analyses was determined at α = 0.05, and Huynh-Feldt corrections were used when appropriate.
Results
Participants
Fifteen participants enrolled in the study. Four participants withdrew prior to completing all three inpatient phases; one was discontinued by the investigators for non-compliance with study procedures, two left on the third day of cannabis abstinence for personal reasons, and one failed to return for the second inpatient phase without explanation. There were no serious adverse events. Analyses were performed on data from study completers only (n = 11). Demographic and substance use characteristics of study completers are displayed in Table 2 .
Cannabis withdrawal
Mood Figure 1 displays mean scores on the irritable, anxious, and high clusters during active cannabis administration and during cannabis withdrawal as a function of medication condition. Under the placebo conditions, mean scores of irritable and anxious clusters increased during withdrawal relative to active cannabis administration (F(1,14) = 10.71, p < 0.01 and F = 12.74, p < 0.01, respectively) while mean scores on the high cluster decreased (F = 75.40, p < 0.001). Scores on the bad effect, tired, and Bsocial^clusters did not significantly Zolpidem alone did not produce any changes in mood relative to placebo. Zolpidem plus nabilone significantly decreased scores on the irritable and anxious clusters (F = 12.28, p < 0.01 and F = 10.17, p < 0.05, respectively) and significantly increased scores on the high cluster (F = 9.61, p < 0.01) relative to placebo but did not significantly change scores on the bad effect, tired, and social clusters.
Sleep Figure 2 displays sleep latency, sleep efficiency, and ratings of fell asleep easily and woke often for the night after active cannabis administration and during cannabis withdrawal. Participants had increased sleep latency (F = 8.34, p < 0.05), decreased sleep efficiency (F = 7.13, p < 0.05), decreased ratings of fell asleep easily (F = 8.39, p < 0.01), and increased ratings of Bwoke up often^(F = 4.55, p < 0.05) during withdrawal relative to active cannabis administration.
Zolpidem alone decreased sleep latency (F = 5.44, p < 0.05) and increased total sleep time (F = 9.85, p < 0.05), sleep efficiency (F = 4.96, p < 0.05), ratings of fell asleep easily (F = 16.62, p < 0.001), and ratings of Bwoke up early( F = 4.85, p < 0.05) relative to placebo. Zolpidem in combination with nabilone decreased sleep latency (F = 11.55, p < 0.01) and ratings of woke up often (F = 15.58, p < 0.001) and increased total sleep time (F = 7.49, p < 0.05), sleep efficiency (F = 21.21, p < 0.001), ratings of fell asleep easily (F = 23.05, p < 0.001), ratings of slept well (F = 11.52, p < 0.05), and subjective estimates of number of hours slept (F = 6.05, p < 0.05) relative to placebo. Figure 3 displays data on food intake and body weight during active cannabis administration and withdrawal. Participants consumed significantly fewer calories (F = 23.58, p < 0.001) and had decreased body weight (F = 35.82, p < 0.001) during withdrawal as compared to active cannabis administration.
Food intake and body weight
Zolpidem alone did not have any significant effects on food intake or body weight relative to placebo. Zolpidem in combination with nabilone reversed withdrawal-related disruptions in both food intake (F = 74.83, p < 0 .001) and body weight (F = 405.14, p < 0.001) relative to placebo. Figure 4 displays the mean number of cannabis cigarette puffs purchased for self-administration on the first day of active cannabis availability (top panel) and on the subsequent 3 days (bottom panel) of availability. Zolpidem alone did not alter cannabis self-administration relative to placebo. Zolpidem in combination with nabilone did not decrease active cannabis self-administration on the first day of availability but did significantly decreased self-administration on subsequent days relative to placebo (F = 6.55, p < 0.05).
Cannabis relapse
Subjective capsule effects
Under placebo conditions, ratings of Bstrong drug effect( mean ratings of 0.45 vs. 1.64, F = 16.06, p < 0.01), good drug Participants were more likely to identify zolpidem as a sedative compared to placebo (mean ratings of 0.86 vs. 0.45, F = 5.52, p < 0.05), but there were no other significant differences between zolpidem and placebo during the withdrawal phase. The combination of zolpidem and nabilone significantly increased ratings of strong drug effect (1.04 vs. 0.45, F = 6.02, p < 0.05), good drug effect (1.00 vs. 0.36, F = 6.22, p < 0.05), and Bbad drug effect^(0.55 vs. 0.45, F = 7.78, p < 0.05) and identification of drug effect as sedative (1.00 vs. 0.45, F = 9.81, p < 0.01) but did not alter ratings of like drug effect or take drug again relative to placebo.
Cognitive task performance
Under placebo conditions, performance on the IDDRT was significantly better during withdrawal than during active cannabis administration, with a greater number of trials correct (7.36 vs. 6.46, F = 11.95, p < 0.01), percent of trials correct (95 vs. 88 %, F = 10.04, p < 0.05), and percent of digits recognized (100 vs. 82 %, F = 14.27, p < 0.05).
Zolpidem alone significantly increased the total number of trials attempted on the DSST (82.8 vs. 79.7, F = 4.53, p < 0.05) relative to placebo but did not change the number of trials completed correctly. There were no other significant effects as a function of medication condition on any other cognitive measures.
Discussion
This report summarizes the first controlled laboratory examination of the effects of zolpidem in combination with nabilone on cannabis withdrawal and a laboratory measure of cannabis relapse and the first examination of the effects of zolpidem alone on this measure of cannabis relapse. Here, we summarize three important findings. First, zolpidem alone reduced cannabis withdrawal-related disturbances in sleep but did not suppress any other withdrawal symptoms or cannabis relapse as measured in the laboratory. Second, zolpidem in combination with nabilone suppressed a full spectrum of withdrawal symptoms during cannabis abstinence and reduced cannabis relapse. Third, zolpidem in combination with nabilone had robust effects on withdrawal and relapse while producing only minor subjective drug effects associated with abuse liability and no measurable cognitive impairment. Consistent with the one prior report on the topic (Vandrey et al. 2011) , zolpidem administered shortly before bed significantly improved both objective and self-reported measures of sleep quality relative to placebo during cannabis abstinence, providing further evidence that zolpidem can reduce cannabis withdrawal-related disturbances in sleep. Zolpidem was well tolerated and produced no residual daytime subjective effects (e.g., sedation) or cognitive impairment. However, zolpidem alone did not suppress withdrawal-related disturbances in mood or food intake or suppress cannabis self-administration. This is similar to the findings of two studies conducted in our laboratory demonstrating that both mirtazapine (Haney et al. 2010 ) and quetiapine ) improved sleep during withdrawal without reducing cannabis self-administration. This suggests that cannabis withdrawal-related changes in mood and resumption of cannabis use after a short period of abstinence are not mediated by sleep disturbance and that improving sleep quality alone is likely insufficient to reduce cannabis use among most cannabis users.
The results of the present study indicate that the combination of zolpidem and nabilone significantly reduced cannabis withdrawal-related disturbances in mood, sleep, and food intake and reduced self-administration after a short period of abstinence. The observed effects on mood, food intake, Fig. 4 Average number of cannabis cigarette inhalations selfadministered on the first day of active cannabis availability (day 5) and on the subsequent 3 days of active cannabis availability (days 6-8) as a function of medication condition (BZolp^= zolpidem alone, BZolp + Nab^= zolpidem in combination with nabilone). Asterisks represent significant differences from placebo. Significance determined at α = 0.05. Error bars represent standard error of the mean cannabis self-administration, and daytime subjective drug effects are likely attributable to nabilone, because they are consistent with effects observed in previous studies administering comparable doses of nabilone alone (e.g., Bedi et al. 2013; Haney et al. 2013a; Lile et al. 2010 Lile et al. , 2011 . Haney et al. (2013a) demonstrated that nabilone alone produced similar improvements in sleep as those observed with zolpidem plus nabilone in the present study, suggesting that zolpidem provided no unique benefit with regard to sleep. Although the similarities between the present study and the results of Haney et al. (2013a, b) are compelling, the fact that we did not examine nabilone alone in the present study undermines our ability to firmly conclude that zolpidem plus nabilone is not superior to nabilone alone. Despite these results, it would be premature to dismiss the potential utility of zolpidem as a component of combination pharmacotherapy for CUD. As we stated earlier, sleep disturbances appear to be among the most common and protracted symptoms of cannabis withdrawal, and several studies have demonstrated that zolpidem is effective for the long-term treatment on insomnia. Tolerance to dronabinol's effects on sleep develops rapidly (e.g., Bedi et al. 2010; Gorelick et al. 2013) . It is unknown if tolerance to nabilone's somnolent effects develops in a similar manner, but if so, zolpidem may be better suited for the treatment of cannabis withdrawalrelated sleep disturbance given its protracted time course.
Medication Condition
The relative lack of mood effects and subjective drug effects associated with abuse liability in the zolpidem plus nabilone condition warrant additional discussion. Although we observed significant increases on the high cluster relative to placebo (mean ratings of 21.4/100.0 vs. 4.6/100.0 on the VAS, respectively), these ratings are markedly less than those reported following active cannabis (62.0/100.0 on the VAS) (see Fig. 4 ). Zolpidem in combination with nabilone also produced minor and inconsistent effects on DEQ items associated with abuse liability. This is generally consistent with previous studies that examined abuse liability of zolpidem (e.g., Hajak et al. 2003; Rush et al. 1999 ) and prior studies in our laboratory that administered comparable doses of nabilone (Bedi et al. 2013; Haney et al. 2013a) . Earlier research has demonstrated that nabilone has lower abuse liability than smoked cannabis and oral dronabinol (Lemberger et al. 1982; Mendelson and Mello 1984) , and there is little evidence of recreational use or diversion of nabilone despite almost 80, 000 prescription users in Canada alone as of 2006 (Ware and Arnaud-Trempe 2010) . The present study suggests that zolpidem in combination with nabilone also has low abuse liability among heavy cannabis users.
The present report summarizes the first placebo-controlled human laboratory study examining the effects of zolpidem alone on cannabis self-administration and the first study to examine zolpidem in combination with nabilone on cannabis withdrawal and self-administration. Zolpidem in combination with nabilone suppressed the full spectrum of cannabis withdrawal symptoms and cannabis relapse while producing only minor subjective drug effects associated with abuse liability and no evidence of behavioral/cognitive impairment. In contrast, zolpidem alone reduced sleep disturbance but did not affect other withdrawal symptoms or reduce relapse. Clinical testing of nabilone, either alone or in combination with zolpidem or other medications for the treatment of CUD is warranted.
